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0929-6441/ª 2014, Elsevier Taiwan LLWe report here the case of a 32-year-old man with a history of traumatic brain injury who pre-
sented with swelling of his right thigh. Soft tissue ultrasonography performed 3 days after the
onset of symptoms showed a heterogeneous hyperechoic lesion with the formation of cysts and
hypervascularity in the right iliopsoas abutting the surface of the femoral bone. This became a
diffuse echogenic plaque with a posterior acoustic shadowing 12 days later. A diagnosis of het-
erotopic ossification was made on the basis of the presence of typical ultrasonographic findings
and was confirmed by pathology. We emphasize that an early diagnosis of heterotopic ossifica-
tion can be made with ultrasonography and can lead to early treatment.
ª 2014, Elsevier Taiwan LLC and the Chinese Taipei Society of Ultrasound in Medicine. All rights
reserved.Introduction
Heterotopic ossification (HO) is defined as the formation of
lamellar bone inside soft tissue structures where bone does
not normally exist [1]. Symptoms such as fever, swelling,no potential financial or
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C and the Chinese Taipei Societyerythema, and decreased joint motion, which are typically
seen in early HO [2], are easily confused with deep venous
thrombosis (DVT), infection, and trauma. Laboratory find-
ings may not be helpful in early diagnosis [3]. In particular,
increases in serum alkaline phosphatase (ALKP), hydrox-
yprolinuria, and the erythrocyte sedimentation rate (ESR)
have been reported, but are very non-specific [4]. Diag-
nostic radiographic findings may be present 1 month after
the appearance of symptoms. Three-phase 99m technetium
bone scanning is sensitive, but its low specificity leads to
difficulties in discriminating HO from other inflammatory,
traumatic, or degenerative processes of the skeleton [2].of Ultrasound in Medicine. All rights reserved.
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the early diagnosis and follow-up of HO [5]. The classic zone
phenomenon is seen with US prior to the radiological find-
ings of bone formation and differential diagnosis from DVT
can be made using Doppler ultrasound [6]. However,
because the correct diagnosis can only be made by a
trained operator with an experienced radiologist, the
clinical applications remain limited [2,7].
We present here the case of a patient with neurogenic
HO together with the US findings, a three-phase bone scan,
the biopsy results, and a literature review of the diagnosis
of HO.
Case report
A 32-year-old man confined to bed with a history of trau-
matic subdural hematoma presented to our emergency
department with pneumonia and was admitted for further
treatment. The patient had been in his usual state of health
until 3 months prior to admission when he was involved in a
traffic accident. His Glasgow Coma Scale score was E4VTM3
when he was transferred to an intermediate care unit 2
months after the accident, with a flexion synergy pattern of
the bilateral upper limbs, an extension synergy pattern of
the bilateral lower limbs, severe spasticity, and chronic
respiratory failure with ventilator dependency.
The patient developed swelling of his right thigh on
February 12, 2012. The clinical data showed the following:
body temperature, 35.3C; blood pressure, 131/77 mmHg;
pulse, 108 beats/min; and respiratory rate, 20 breaths/
min. Local heat with limitation of movement over his right
thigh was noted, but the pulsation of the bilateral dorsalis
pedis was normal. His leg circumference was recorded
periodically and the right side was larger than the left side
by 10 cm (Fig. 1). The international normalized ratio was
1.05 (normal range 0.85e1.15) and the D-dimer concen-
tration was 3.46 mg/mL (normal range 0e2.09 mg/mL).
Table 1 gives the results of the other laboratory tests.
Systemic infectious disease was not likely because there
was no obvious increase in the white cell count and C-
reactive protein. A fracture, DVT, or cellulitis was sus-
pected. A right hip radiograph showed no evidence of a
definite fracture or dislocation in the right hip (Fig. 2A). A
venous duplex ultrasound scan showed patent bilateral
femoral veins and bilateral popliteal veins. Fracture and
DVT were thought to be less likely.Fig. 1 Thigh circumference of patient.The swelling persisted, but did not progress (Fig. 1). Soft
tissue US 3 days later showed a heterogeneous hyperechoic
mass lesion approximately 4e5 cm across at the anterior
aspect of the right upper thigh abutting the surface of the
right femoral bone (Fig. 3A and B). A reverse image of
normal muscle was found in the mass. A hypoechoic cystic
lesion was noted within the right iliopsoas muscle (Fig. 3C).
Power Doppler ultrasonography showed increased vascu-
larity (Fig. 3D). We could not rule out infectious myositis or
pyomyositis on the basis of the available sonographic
image, but the swelling did not progress without the use of
antibiotics. HO or the growth of a tumor were both possible
after considering the clinical information. The ALKP and
ESR were checked the same day. The ALKP was 126 U/L
(normal range 10e100 U/L) and the ESR was 6 mm/h.
Indomethacin (25 mg) was administered as one tablet twice
per day for suspected HO.
A three-phase bone scan was performed 12 days after
the onset of symptoms. The dynamic study showed
increased blood flow and marked tracer pooling in the right
upper thigh. Delayed bone imaging revealed an intense
strip of soft tissue in the right upper thigh from the right
iliac fossa to the right lesser trochanter. The impression was
of an active infection in the right upper thigh. A right iliacus
pyomyositis was suspected by a nuclear radiologist.
As there was no clinical evidence of infection and HO
was suspected, conservative treatment was continued. A
plain radiograph of the right femur repeated on February
27, 2012 showed increased soft tissue opacity with calcifi-
cation/ossification around the proximal femur (Fig. 2B and
C). An ultrasound scan was repeated on the same day. A
diffuse echogenic plaque was found in the right psoas
muscle with acoustic shadows (Fig. 4). Minimal vascular
signals were found within the mineralizing area and in the
peripheral hypoechoic area (Fig. 5). The diagnosis of HO
was compatible with these findings.
An US-guided core biopsy sample was taken on February
29, 2012. The microscopic finding was a zonal distribution
characterized by a central area of fibroblastic proliferation
with immature osteoid and bone formation at the periph-
ery. Cyclin-dependent kinase 4 reactive tumor cells were
not seen. This result is compatible with myositis ossificans.
Indomethacin was maintained along with passive restriction
of movement exercises.
The patient was discharged in a relatively stable condi-
tion and transferred to a long-term care facility on April 10,
2012. Limited right hip restriction of movement persisted
prior to discharge.Discussion
This patient was diagnosed with neurogenic HO. The pres-
ence of typical US findings was key to the final diagnosis,
which was confirmed by the pathology. We also report here
a literature review on HO, including the diagnostic
approach and the possible histological findings.
The etiology of HO can be divided into the three groups:
neurological, genetic, and traumatic [8]. Studies have
suggested that HO is determined by both systemic and local
factors and results in the inappropriate differentiation of
pluripotent mesenchymal cells into osteoblastic stem cells
Table 1 Laboratory data.
Reference range, adults On admission,
November 16, 2011
February 12, 2012 March 29, 2012
White cells (per mm3) 4500e11,000 17,400 16,100 10,100
Segment 45e75 86.1 88.5 81.8
Hemoglobin (g/dL) 14e18 (in men) 13.2 15.4 14
Sodium (mmol/L) 135e147 145 134 141
Potassium (mmol/L) 3.4e4.7 3.6 4.4 4.8
Urea nitrogen (mg/dL) 7e20 29 20 27
Creatinine (mg/dL) 0.7e1.5 (in men) 1.04 0.52 0.53
C-reactive protein (mg/dL) 0e0.5 1.55 2.37 d
224 S.-H. Lin et al.[8e11]. The most commonly affected joint is the hip, fol-
lowed by the shoulders, elbows, and, rarely, the knees
[12,13]. Limb spasticity is associated with a greater risk of
developing HO [14]. Prolonged periods of immobilization
and a greater extent of brain injury are also associated with
increasing risk [15,16]. Diffuse brain injury with increased
spasticity and prolonged immobilization were both noted in
our patient, who was affected at the most common site,
the hip joint. These groups of patients may be more prone
to developing HO and require more awareness on the part
of clinicians.
A literature review showed increased ALKP, ESR, and
creatinine kinase levels in patients with HO [13]. The serum
level of ALKP is sensitive, but not specific, with alterations
dependent on hepatic and renal function and increases in
patients with fractures [9]. Increased ALKP and ESR levels
were noted in our patient, but neither level was checked
frequently, so a trajectory of change was not possible, nor a
final diagnosis based on these changes.
Various imaging techniques can assist with the diagnosis
of HO depending on the stage of the disease. It takes an
average of 23 days after symptom development for plain
radiographs to show evidence of HO and therefore they areFig. 2 (A) Right hip radiograph taken on the day the symptoms b
after symptom development, the radiograph showed increased sof
anteromedial periarticular area.more appropriate in evaluating the later stages of HO and in
ruling out fractures and dislocations [3,9]. In our patient,
the plain film radiograph taken on the day of the onset of
symptoms ruled out a fracture or dislocation, but showed
no heterotopic bone formation. However, 15 days later, the
plain radiographs showed findings compatible with HO. The
period from symptom development to ossification seen on
plain radiographs was shorter for our patient than in earlier
studies. This may be due to an observation time delay.
There may have been a time interval from symptom
development to the caregiver noticing the symptoms as a
result of our patient’s vegetative state.
The three-phase bone scan with technetium 99m-
labeled methylene diphosphonate is useful for early diag-
nosis [3]. The disadvantage of the three-phase bone scan is
its low specificity, which leads to potential difficulties in
discriminating HO from other inflammatory, traumatic, or
degenerative processes of the skeleton. In our patient, the
three-phase bone scan was performed 12 days after the
onset of symptoms and an active infection in the right
upper thigh was suspected. These conclusions may be due
to a lack of sufficient information in the case history and
physical examination, which confirms the difficulty ofegan. No focal bone or joint lesion was seen. (B) Fifteen days
t tissue opacity with calcification/ossification (arrow) over the
Fig. 3 Ultrasound scans 3 days after the onset of symptoms. (A) Sagittal ultrasound image showing an intramuscular hetero-
geneous hyperechoic mass lesion of the right iliopsoas (arrows) at the anterior aspect of the right upper thigh abutting the surface
of the right femoral bone and approximately 4e5 cm long. (B) Transverse view showing (arrows) a heterogeneous hyperechoic
lesion with a reverse image of normal muscle. The endomysium has become hyperechoic and the perimysium has become hypo-
echoic. (C) Hypoechoic cystic lesion of the right iliopsoas (arrows) in the transverse view. (D) A vascular signal was found within the
mass on using power Doppler ultrasonography.
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with a bone scan.
Three-phase bone scintigraphy used to be the gold
standard imaging modality for the early detection of HO,
but recent research has shown that US might be a more
appropriate modality. US has been shown to be accurate
not only in the early diagnosis of HO in patients with spinal
injuries, but also for the follow-up of HO [1,6]. In HO, ex-
amination by US shows a focal disorganization of muscle in
the affected area with the loss of longitudinal muscular
striation and the presence of a heterogeneously hyper-
echoic mass with the characteristics of the classical “zone
phenomenon” with three concentric zones. It first appears
as a peripheral hypoechoic zone adjacent to normal mus-
cle. The second thinner zone consists of hyperechoic
mineralized islands corresponding to the ossifications. A
sheet-like or eggshell-like calcified rim may also be found.
The third and central zone is hypoechoic, which corre-
sponded to the central stromal fibroblastic component.
Visualization of the lesion center and the separation of the
lesion from the underlying bony cortex is difficult as a result
of acoustic shadowing of the calcification. In power Doppler
ultrasonography, a vascular signal is found within the
mineralizing area as well as in the outer hypoechoic area.
Spectral wave analysis of the vessels within the lesion
shows a resistance index <1. No vascular signal is observedin the central hypoechoic core. The zone phenomenon is
most common in the hips of patients with HO and less
evident in their knees and elbows [5,7,17].
Our gray-scale US data, collected 3 days after symptom
onset, showed a myositis-like appearance [18]. An intra-
muscular heterogeneous hyperechoic mass lesion with
cystic formation and hypervascularity was found in the right
iliopsoas abutting the surface of the right femoral bone. An
appearance of a reverse image of normal muscle was found
in the mass, with the attacked endomysium becoming
hyperechoic and the perimysium hypoechoic. The tentative
diagnosis of HO was made after combining these results
with the clinical information, thus early treatment was
administered before calcification was found on the plain
radiographs. US performed 12 days later showed a diffuse
echogenic plaque with a posterior acoustic shadowing,
which was compatible with a HO lesion. The plain radio-
graph showed calcification on the same day. The “zone
phenomenon” may be obscured by these acoustic shadows
in our patient. As a result of the impaired level of con-
sciousness of our patient, the clinical symptoms and signs
may have been found later than they actually occurred,
which would have delayed the diagnostic survey and final
diagnosis. US demonstrated the myositis-like view of the HO
lesion prior to the diagnostic radiographic findings, which
led to early treatment to prevent bone formation.
Fig. 4 Ultrasound scans 15 days after the onset of symptoms.
(A) Sagittal ultrasound image showing diffuse echogenic plaque
(arrows) in the right psoas muscle. (B) Transverse view of the
iliopsoas muscle showing an eggshell-like calcified rim (arrows)
with acoustic shadowing. Visualization of the lesion center and
the underlying bony cortex became difficult as a result of
acoustic shadowing from the peripheral calcifications.
Fig. 5 Power Doppler ultrasound scan 15 days after the onset
of symptoms. A minimal vascular signal was found within the
mineralizing area and in the peripheral hypoechoic area.
226 S.-H. Lin et al.HO can be easily confused with malignant lesions, not
only clinically and radiologically, but also histopathologi-
cally [19]. Three characteristic phases occur at the gross
level in HO, leading to the typical “zone phenomenon”
found using imaging modalities such as US and biopsy
sampling. The acute phase features a pseudofi-
brosarcomatous appearance with mesenchymal cells
secreting a myxoid matrix and fibroblasts exhibiting
numerous mitoses. The subacute phase follows, in which
the fibroblasts differentiate into osteoblasts and secrete an
osteoid matrix at the periphery of the initial myxoid zone,
giving a pseudo-osteosarcomatous appearance. In the late
phase, also called the maturation phase, bone productioncan be observed at the periphery of the lesion. At this
stage, a biopsy sample will reveal the three characteristic
zones of HO and thus allow the correct final diagnosis to be
made [11,20,21]. In our patient, the pathology showed a
zonal distribution characterized by a central area of fibro-
blastic proliferation with immature osteoid and bone for-
mation at the periphery. This characteristic zone
phenomenon of the maturation phase confirmed the sono-
graphic diagnosis of HO. No cyclin-dependent kinase 4
reactive tumor cells were found, which excluded a diag-
nosis of malignancy [22].
The diagnosis of HO may be delayed in patients with
poor levels of consciousness, which may lead to further
complications such as restriction of movement limitations.
An early diagnosis can be made with US to guide early
treatment before the diagnostic radiographic findings
appear, with the advantages of a lack of radiation, easy
accessibility, and cost-effectiveness. A biopsy sample can
confirm the diagnosis, but not be necessary if typical
physical and image findings are found in high-risk patients.
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